Introduction
============

Obstructive sleep apnoea (OSA) is the most common form of sleep-disordered breathing in adults and children and is associated with many other adverse health consequences, including an increased risk of death,[@R1]--[@R2] significant socioeconomic burden and increased health care utilization.[@R3]--[@R4] Well-documented predisposing factors for the condition include obesity, male gender, ethnicity and nasal obstruction; large tonsils (particularly in children). Other risk factors include an underactive thyroid gland; use of alcohol, tobacco, and sedatives and menopause in women.[@R1]--[@R4] Screening questionnaires are used to identify subjects who are at high risk for OSA and diagnosis is made using an overnight polysomnography (PSG) in a sleep laboratory or at home by a portable diagnostic monitoring.[@R5]--[@R6] The mainstay of management is CPAP in addition to behavioral therapy, physical or mechanical interventions 6. OSA affects 2--4% of the middle-aged male population and 2 percent of children ages 8 to 11 years in the USA.[@R7]--[@R8] Although there is no national prevalence study of OSA in Nigeria, some hospital-based studies have demonstrated 17--40% of adults are at high risk of OSA.[@R9]--[@R13] The majority of the individuals with the condition under-report their symptoms and remain under diagnosed.[@R8] This reason may be due to lack of awareness of sleep apnoea and diagnostic facilities in Nigeria, as there is only one sleep laboratory serving a population of 170 million and the cost is about 300--600 US dollars which cannot be afforded by most Nigerians. In the light of the above reasons, it is pertinent to identify factors associated with the risk of obstructive sleep apnoea to assist health care professionals in early identification of those at risk of obstructive sleep apnoea and subsequent referral for a sleep study. The objective of this study was to determine the factors associated with high risk for obstructive sleep apnoea and use it to identify patients at risk for the condition in tertiary hospitals in Nigeria.

Methods
=======

Study design
------------

This was a multicentre observational study involving adult patients admitted into the medical and surgical wards of selected Nigerian hospitals. The study was conducted over a period of two months from 15th January to 17th March 2015.

Study setting
-------------

This study was conducted in Nigeria, a country located in West Africa and divided into 6 geopolitical zones. This survey setting was in three tertiary hospitals in three geopolitical zones of Nigeria and they were selected for reasons of easy coordination by the investigators. The hospitals were University of Nigeria Teaching Hospital, Enugu, Enugu State, University of Ilorin Teaching Hospital, Ilorin, Kwara State, and Ekiti State University, Ado-Ekiti, Ekiti State Nigeria.

Sample size
-----------

The minimum sample size was arrived at using the Cochran formula[@R14]:

N = Z^2^pq/d^2^ where,

N = sample size,

Z = standard normal deviation, usually set at 1.96, which corresponds to the 95% confidence interval, p = mean prevalence of adults at high risk of OSA in Nigeria = 25 %,[@R9]--[@R13]

q = (1 --- p), and

d = degree of accuracy desired, usually set at 0.05.

The calculated minimum sample size was 288. The estimated average patient turnover over a period of two months was less than 10,000. Cochran\'s correction formula was used to calculate the minimum sample size, as follows:

N = 288/(1 + 288/1280) = 235.

We anticipated a response rate of 90%, design effect (DEFF) of 1.0 obtained by pretesting of the questionnaire, 3 age strata (18--44, 45--64, 65 years and above) and the final sample size was approximately 776. The design effect (DEFF) of 1.0 was used because age strata distribution across the centre does not significantly differ from each other despite the variation in the size of the centres. The minimum sample size was increased to 900 to increase the power of the study and be able to detect an odds ratio (OR) of at least 1.5. The estimated sample size was distributed proportionally based on the total number of bed and occupancy rate in the participating centres.

Sampling method
---------------

Systematic random sampling was adopted for the study. The hospital beds in the ward of participating hospital were given a specific number from 1. Beds with even numbers were selected for the study to remove sampling bias. It is a strategy where every available subject that met the inclusion criteria had the probability of being selected until the survey period was over.

Sample selection
----------------

Sampling was undertaken by three trained resident doctors in internal medicine at each site during the study. Eligible patients were approached by the residents, who provided the subject information and consent form, and a verbal explanation of the study. The patients who gave their consent and met the inclusion criteria were recruited as study participants. The inclusion criteria were age 18 years and above, willingness to participate, admission into the medical or surgical wards, full consciousness and should not have mental impairment severe enough to impair simple conversation during the period of the study. Patients with language barriers to participation were also included whenever translation was available by an interpreter. Anonymity and confidentiality of the participants and their information were guaranteed by the investigators.

Survey instrument
-----------------

A questionnaire was administered by trained residents in the department of internal medicine to obtain socio-demographic information, clinical information comorbidities, and risk factors for OSA. The patients who were unable to read English were helped with the questionnaire translated into the three major Nigerian languages. The translation and back translation was done at each hospital and piloted by the site coordinator and the resident administering the questionnaire to ensure that the semantic, idiomatic, conceptual, and cross-cultural equivalence to the English version of the Berlin questionnaire and Epworth sleepiness scale. Fortunately, all the recruited subjects were able to speak and comprehend English or one of the three major languages. We also collected information from a person who shared the same bedroom and sleeps on the same bed with patients to substantiate the history of loud snoring and observed breathing cessation while sleeping. Anthropometric indices in the form of body weight (kg) and height (centimeter) were measured and body mass index calculated and expressed in kg/m^2^. Blood pressure was measured on two occasions, 5 minutes apart, sitting in a chair and hypertension was diagnosed with either a persistent blood pressure ≥ 140/90mmHg or the use of antihypertensive medications.[@R15] Smoking was defined as ever smoking -smoked 100 cigarette stick in a lifetime (currently or formerly). Regular alcohol use was defined as taking an alcoholic beverage at least once every 7 days 12.

Risk of OSA
-----------

The risk of OSA and excessive daytime sleepiness were established by a validated Berlin questionnaire 6 and Epworth sleepiness scale respectively 16. In scoring the questions: any answer is scored as a positive or negative response. Based on the scoring they were sub-classified into three scoring categories: predetermination of a high risk and low risk of OSA using the Berlin Questionnaire was determined on the basis of the responses in 3 symptom categories. In category 1, high risk was defined as persistent symptoms (\>3 to 4 times/week) for ≥ 2 questions about snoring. In category 2, high risk was defined as persistent (\>3 to 4 times/week) daytime tiredness or fatigue. In category 3, high risk was defined as a history of high blood pressure or a body mass index \>30 kg/m^2^. To be considered at high risk of OSA, a patient had to qualify for ≥ 2 symptom categories. Those who denied having persistent symptoms or who qualified for only one symptom category were placed in the lower risk group. Epworth Scoring Scale (ESS) ranges from 0 to 24 and scores \>10 are considered associated with excessive daytime sleepiness while 1--6 is "good" and 7--10 "okay". Where possible, the interviewer notified the participants about their risk of OSA and excessive daytime sleepiness and the need for further evaluation.

Data analysis
-------------

The data obtained were analyzed using SPSS statistical software version 21 (SPSS Inc., Chicago, IL, USA). Univariate analyses were used to examine the general characteristics of the patients. The odds ratios for factors associated with high risk for OSA were calculated using univariate logistic regression analysis. Variables with P \< 0.10 were included in the multivariate model. A P value of \< 0.05 was considered statistically significant.

Ethical approval
----------------

The study was approved by the ethics and research committees of the three study institutions.

Results
=======

Characteristics of the study participants
-----------------------------------------

A total of 1000 patients admitted to the medical and surgical wards of the selected hospitals were informed about the study; only 926 met the inclusion criteria and were enrolled in the study with a completion rate of 92.6%. The mean age of the enrolled patients was 44.3 years with a standard deviation of 15.2 years. Four hundred and eighty-six (52.5%) were female and 556 (60.0%) had one or more medical morbidity with 326(35.2%) having hypertension which was the commonest medical morbidity ([Table 1](#T1){ref-type="table"}).

###### 

Characteristics of study patients

  ----------------------------------------------------------
  Characteristics                       Mean ± SD or n (%)
  ------------------------------------- --------------------
  **Mean age in years**                 44.3 ± 15.2

                                        

  **Age range**                         

  18--44                                486 (52.5)

  45--64                                330 (35.6)

  65+                                   110 (11.9)

                                        

  **Mean body mass index (kg/m^2^)**    24.3 ± 4.6

                                        

  **Epworth Sleepiness Scale rating**   6.9 ± 3.9

  **Sex**                               

  Male                                  440 (47.5)

  Female                                486 (52.5)

                                        

  **Presence of chronic medical**\      556 (60.0)
  **condition**                         

  Hypertension                          326 (35.3)

  Type 2 diabetes mellitus              100 (10.8)

  Obesity                               104 (11.2)

  Peptic ulcer                          112 (12.1)

  Asthma                                52 (5.6)

  Insomnia                              54 (5.8)

  Stroke                                28 (3.0)

  Heart failure                         38 (4.1)

  COPD                                  32 (3.5)

  Rhinitis                              18 (1.7)

  Others                                128 (13.8)

                                        

  **Previous OSA diagnosis**            0

                                        

  **Use of sedatives**                  110 (11.9)

                                        

  **Tobacco smoking**                   132 (14.2)

                                        

  **Alcohol consumption**               262 (28.3)

  **First-degree relative with**\       396 (42.8)
  **snoring or excessive sleepiness**   
  ----------------------------------------------------------

SD = standard deviation; COPD = chronic obstructive pulmonary disease; OSA = obstructive sleep apnoea

High risk for OSA
-----------------

One hundred and forty-two patients (15. 4%) had excessive daytime sleepiness (EDS) i.e. An Epworth Sleepiness Scale score of \>10 and 180 (19.4%) had a Berlin Questionnaire score indicative of high risk for OSA. None of the patients with EDS or high risk for OSA had a previous diagnosis of obstructive sleep apnoea by a doctor.The frequency of high risk for OSA was 27.0% in UNTH in South East, 18.3% in UITH in North Central and 14.6% in EKSUTH in the South West Nigeria. There was a significant difference in the prevalence of high risk for OSA among these hospitals (p value of 0.003). The risk of OSA and excessive daytime sleepiness, respectively, were also higher among the male participants compared with the female ([Table 2](#T2){ref-type="table"}).

###### 

Risk of obstructive sleep apnoea and excessive daytime sleepiness (EDS) according to sex

  Risk for sleep apnoea & EDS                            Male (n = 440)   Female (n = 486)   All subjects (N = 926)
  ------------------------------------------------------ ---------------- ------------------ ------------------------
  Risk for sleep apnoea[\*](#TF1){ref-type="table-fn"}                                       
  Low risk                                               342 (77.7)       404 (83.1)         746 (80.6)
  High risk                                              96 (22.3)        82 (16.9)          180 (19.4)
  Excessive daytime sleepiness (ESS \> 10)\*             70 (15.9)        72 (14.8)          142 (15.4)

Data are presented as N (%); ESS = Epworth Sleepiness Scale rating;

difference between males and females was not significant (P \> 0.05)

Factors associated with high risk for OSA
-----------------------------------------

To determine the factors associated with high risk for OSA, a multivariate logistic regression analysis was performed for the traditional risk factors for OSA. Systemic hypertension had an odd ratio (OR) of 10.33(95% CI 6.42--16.61). Obesity (OR- 7.87; 95% CI: 4.33--14.29), excessive daytime sleepiness (OR-3.77; 95% CI: 2.28--6.22), tobacco smoking (OR-2.99; 95% CI: 1.76--5.07), snoring in first-degree relative (OR- 1.83; 95% CI: 1.19--2.81), and the use of sedative (OR-1.82; 95% CI: 1.06--3.15) ([Table 3](#T3){ref-type="table"}). Male gender and the use of alcohol were associated with high risk of sleep apnoea on univariate analysis, but they were not statistically significant after multivariate analysis.

###### 

Factors associated with a high risk of obstructive sleep apnoea

  ------------------------------------------------------------------------------------------------------
  Variable                                   Unadjusted\              Adjusted\               P-value
                                             OR (95% CI)              OR (95% CI)             
  ------------------------------------------ ------------------------ ----------------------- ----------
  Age                                        1.00 (1.04 to 1.04)      0.99 (0.98 to 1.01)     0.44

  Male gender                                1.41 (1.02 to 1.96)      1.52 (0.93 to 2.46)     0.093

  Tobacco smoking                            2.39 (1.59 to 3.59)      2.99 (1.76 to 5.07)     \< 0.001

  Alcohol consumption                        1.72 (1.22 to 2.43)      1.45 (0.85 to 2.49)     0.17

  Snoring in first-degree relative           2.99 (2.11 to 4.21)      1.83 (1.19 to 2.81)     0.006

  Hypertension                               17.85 (11.52 to 27.64)   10.33 (6.42 to 16.61)   \< 0.001

  Obesity                                    6.83 (4.43 to 10.55)     7.87 (4.33 to 14.29)    \< 0.001

  Type 2 diabetes mellitus                   1.54 (0.70 to 3.89)      1.59 (0.75 to 3.34)     0.23

  Use of sedatives                           3.66 (2.40 to 5.58)      1.82 (1.06 to 3.15)     0.030

  Excessive daytime sleepiness (ESS \> 10)   4.71 (3.21 to 6.92)      3.77 (2.28 to 6.22)     \< 0.001
  ------------------------------------------------------------------------------------------------------

OR = odds ratio; ESS = Epworth Sleepiness Scale rating

Discussion
==========

The main findings of this study showed that the factors independently associated with high risk for OSA were systemic hypertension, obesity, tobacco smoking, snoring in the first-degree relative, in addition to the use of sedative and excessive daytime sleepiness.

In this study, high risk for OSA using Berlin questionnaire was 19%, and this is comparable with the other studies in the adult population of Nigeria.[@R9]--[@R13] We also found that systemic hypertension independently predicted high OSA risk and that hypertensive patients had tenfold increase in the odds of high risk for sleep apnoea compared with non-hypertensive. This is similar to the finding of Ozdemir L, et al. in Turkey who found a ninefold increase.[@R17] Other studies in Nigeria and elsewhere have also found a strong association between sleep apnoea and hypertension[@R9]--[@R12],[@R18],[@R19] and resistant hypertension.[@R20] The existence of an association does not, however, necessarily imply causality. The seeming association between high OSA risk and hypertension in this study may actually be due to colinearity and not a true association because the history of hypertension is one of the items in the Berlin Questionnaire. This, however, does not remove the fact that hypertension is strongly associated with OSA itself.[@R9]--[@R12],[@R18]--[@R20] The most recent Joint National Committee on the Detection and Management of Hypertension recognized OSA as an identifiable cause of hypertension because of the compelling evidence.[@R15] Obstructive sleep apnoea syndrome has been associated with a higher than normal cardiovascular problems as a result of nocturnal "non-dipping of blood pressure in normotensive and hypertensive individuals.[@R20]--[@R21]

This study revealed that obese patients were eight times more likely to develop a high risk for obstructive sleep apnoea when compared with non-obese patients. The Wisconsin Sleep Cohort study reported that a standard deviation difference in body mass index (BMI) was associated with a fourfold increase in OSA prevalence.[@R22] Our result is also in tandem with other studies across the globe.[@R9],[@R10],[@R20],[@R22]--[@R25] Obesity can cause airway narrowing as a result of an excess of fat tissue around the neck.

The result of this study also revealed that respondents who have EDS were four times more likely to be at risk of OSA and this observation is similar to findings by Ozoh et al. in Lagos, Nigeria.[@R12] Excessive daytime sleepiness occurs in OSA due to sleep fragmentation from hypoxemia induced by upper airway obstruct. Excessive daytime sleepiness is of major public health concern as it increases the risk of road traffic accidents and other occupational injuries

We also found that patients who smoked tobacco were three times likely to be at high risk of sleep apnoea. Several other studies have documented a strong association between sleep apnoea and smoking.[@R10],[@R22],[@R24],[@R26] Smoking is one of the strongest risk factors for cardiovascular disease and may add to the cardiovascular risk associated with OSA.

The patients that reported the use of sedatives were two times more likely to be at risk of OSA when compared with those that never used such medication in this study. The increased rate of sedative use found among patients with sleep apnoea may be due to the presence of underlying obesity, which is a major risk factor for obstructive sleep apnoea among men and the high prevalence of obesity among sleep apnoea patients.[@R9],[@R10],[@R20],[@R22]--[@R25] Morbidly obese patients used a lot of sedatives because they experienced a high level of insomnia due to nocturnal or muscular pains, which are complicated in obese individuals.[@R27]--[@R28] Nocturnal sleep fragmentations may also be an incentive for use of hypnotics.[@R27]

This study also revealed a strong association between history of snoring in the first degree relatives and high risk for OSA. Other studies have reported a similar association in their findings.[@R29]--[@R30] The role of familial inheritance is attributable to craniofacial or cephalometric anomalies which include narrower upper airways with retroposed maxillae and mandibles and long soft palates with wider uvula found in relatives.[@R30]

The odd of high OSA risk was higher with the male gender compared with the female gender on univariate analysis, but this gender difference disappeared on multivariate analysis. The increased odd of high OSA risk with the male gender is in agreement with the results of other studies.[@R1],[@R10] This male predominance can be due to gender differences in the tobacco smoking, alcohol use, adipose tissue distribution, upper airway anatomy and muscle function, control of ventilation, and the effects of sex hormones and leptin.

One of the most striking findings of this study is that none of 926 patients had a previous diagnosis of obstructive sleep apnoea by a doctor. Similar observation was noted in previous studies in the country about the challenges encountered in the diagnosis of this condition.[@R12],[@R31] The under diagnosis of OSA may be due to under reporting of symptoms by the patients, because most patients are not aware that it is a manifestation of a medical problem.[@R31] Furthermore, it may be due to poor awareness and knowledge regarding obstructive sleep apnoea among the physicians and those in medical training.[@R32]--[@R33] The implication of this finding is that there is a need to improve training on sleep disorders in Nigeria both at the medical school, continuing medical education programs and during residency training.

Finally, we also found a higher prevalence of high risk for sleep apnoea in the participating hospital in the south east compared to the hospitals in the south west and the north central part of the country. This variation can be explained from high prevalence of systemic hypertension and obesity in the south east and also on the level of urbanization.[@R31],[@R34],[@R35] However, this discovery may require further exploration in a multiregional community based study.

Strengths and limitations
-------------------------

The strength of our study is based on the large sample size of the respondents. Despite the aforementioned strength, the present study has some potential limitations which include the possible recall bias on the part of the patient and their relatives which affect their level of reporting of symptoms and actual prevalence. This problem was minimized with an additional collection of information from a person who shared the same bedroom and sleeps on the same bed. Another potential limitation is the high level of comorbidities that could potentially overestimate the burden of OSA in this population. Thus a future population-based epidemiologic study of sleep apnoea confirmed by sleep study in all geopolitical zones is recommended to provide a better understanding of the condition. We are of the opinion that these limitations may not have sufficiently impacted negatively on the main results of this study.

Conclusions
===========

This study shows that patients with systemic hypertension, obesity, excessive daytime sleepiness, history of smoking, snoring in a first-degree relative and use of sedatives are at higher risk of obstructive sleep apnoea. None of the patients at high risk had a previous diagnosis of sleep apnoea by a physician, highlighting diagnostic challenges of this condition. The results of this study will assist health care professionals in early identification of individuals at risk of obstructive sleep apnoea and subsequent referral for a sleep study.
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